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[#ffff#©tBH] 

1 1 n i- vmL&VB¥mim# <t i j isj&r l 

©StfWi 1 I- VJfcfbi^NSWWI 
iia^flsJi-h^riia fife, fc ii£JWBHb-&ft 
JRi:fflM©x*^/^-Btfi©iff3l4JilESfi2*lll-Vij| 

[»#«2] ±fBIII-VMb^4^ftS#i5i:l>'± 
IBSftScJU II- V8tfb-&#4H!MWf nltfeS 

3 ] _tMBii l-vrnt-etwrnitimtsx^ 

[flt#£4j ±fiBSJ&RIII-V8Hb^4M!MWia3J: 
ft. 

5 ] ±8bii i-vmt&®¥mft&mi.G a a 

s, AlGaAsSfettlnGaAs^^Ii:^ 

[»#31 6 ] ±§B#J»i5I II- VSJHb-&« i m»#»tt G 

aAs, AlGaAsifeainGaAs*^63il 

Mo 

[»#«7] ifS^IIiGaAs, AlGaAs 

nGaAs*»e>ja*ifcS:4*«i:'rSit#* 
1, 2, 5*fett6tBR©;*-$<y*Wi. 

[»##8j ±ia^M*fett^»ra'fb-&44»©»jfttt8 

[lt#«9] ±SB^MliW*fe«TaT'fe€>3i:$:# 
at-r*»*3S l ~ 7 *urt>-#ffl*©rt-- $ v * 

imxm i o ] ±m±mmit&mi.— t&ml & tisw 

1 1 ] ±W&*iatfb-&ttttN i G e , N i S 

[»*«i2] m-va^b#<»4 £ ##s#-fcK. -tta 

III-Vj6Wb^¥*tt3£ftK:*rLT K-*"-**6«4:*:* 

* i ©tHR** e>j&ssi i ©&i& fctt&*ianb-& 

<»i: 1 1 1- v»Hb-&« i f s »# ©M©x*;i/df-K«©W 



$ £{£T£it£ffl 2 ©jaRfre>J»SSS 2 ©«BH3 J: tf± 

tarn i (D^mt.(DR&\zx v&mmtismzi&f&^-zm 

±ssm i ©&K& ±ta» 2 ©mrs j: t>*±gaf& 3 ©5*?bi 
*ifc±iBi 1 1- vmit&®>*mw&& tmm-t 

1 3 ] ±ibi 1 i-vmc^^mtmmtG & 

As, AlGaAsSfelilnGaAs^SrtS 
10 4ftt £ *- •& l 2 f B«©7f - § y * mMViJ&ms 

•mo 

1 4 ] ±ffilll-V»Hb-&ft J N!MfcW:G a A 
s, AlGaAs*fettInGaAsTfe8It*«a 
ftSai#3Sl 2*fettl SBaR©*-?^^ «S©?& 

c»#* 1 5 ] ±tafls 1 ©*«, ±mm 2 ©* ks <fc 
tf±§a«53 ©iiBU**n-etiN i m, 1 nttwiwsj: # 

GeWR-e»Si4:S:Wa4:"r«ll#«l 2, 13*fe 
14 1 4 fats©*- 5 y *«*&©?£$;#?£.. 
20 [fff$£ 1 6 J ±ffiHR*yi©iBfltti 400-800X: 
T»»«ii:S:4««i:'r6S»#«i 2» 13, H*tS 
l 5fB«©tf - 5 v * *«©?§MR#i&. 

[^^©^iM^fiW] 

[0 0 0 1] 

L8*±©sfiim#»F3 £©*MIHu *-5'y^m««J: 
tf-t©7gfifc#85K:WU 4#ic, in-v»tfb-&4fc i i s aM*as 
v **«fcJ:tf*©JBJ0WS!lcBH"r 

[0 0 0 2] 

30 [^5R©K®] -fb-^^^^MV^cFET^if©^ 
>f^©fl5tt«-fb-»?>fiffltt©lftI±S:BI«±T*, 
«^©^«gffi^©{SM J f>^S«©|fiI±«fiS'5:^T- 
feS. U7^L&#^ #CGaAs^ 

^^^©iii-vi^b-^ft^ffrfc^f y 9% 

Ml*. ±IB©M* & 7iJ£f -5 % © & *IT v ^ ft ^ © # 
[0 0 0 3] 3Rfi, G a A s ^ V 

i'«Si:LTl6fflfl:*fcttie6S4xTv^6 : b©&*S< 

#tts£&©3ayic#^srfc#-e££ o -rftfc 

40 t., fMHi©*-5v^«Ktt, *-5.vV&mtLX 

s *r flRj««a«© n musm z nm±m n n © 

£*#&&©•?&£. &£2©;*--3y?MU:. 

<6x*^^-«tfi©(fJ|BIJiS:^-rs 
7a)S€:TO*©S:fflV\ «SIC J: UttS&M^^^ 
i:©iaiK:ffix*;i/^-Bfi©ttr|aSJBS:?i5rtU, ^UT 
3^SK*i&fflJd©x * [$®©]SS 5: {ST 5 -tt* r. i: 
50 tc«fc»J*-$ v^««fc*:#**©T?*>S. ^S3©^-- 
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a A s fr-o*mfc<DHf&-Bkm*B!& 

5^ciii:£-£ift>©£fflV\ HSflLSlC J; y?|j&£fii £7£ 
Efc-f 5 £ £ *> K ©S/SSJ1 5: ^#6M,K© n M-fb 

u h>*;i^ftiff;:<j:ytf--^y tmmznz&e) 
[0 0 0 4] ftMi<D*-$vVMM<z>tt&t®te@}*M 

HZttir, ZLCDM(CfeV>Ttt, 0 7 AtC^t" iol". n 
♦ SGaAsIil0 1±i:^-57^^ItUTAu 10 
Ge/Niiil0 2^MUfet, 4 0 0~5 0 0°C 
T'^a&^T'i zii:(cj;y, 07 B^zB-r^oiz^-s. 
ytmm%:]&f&-tZ>o 07B(C;}^T, ff 10 3ttn 
+ +§!!GaAsjl, 1 04 liN i A s £/3 -AuG a 

[0 0 0 5] Lfrbft^'b, ^©17 BloSV-f;*-^ >y 

N itVfflll 0 2*tC#filC-^*4XTVNSAu GMSffiV* 
e>tl-5>AuGetfi(C{*8 8 %© A u ^^JlT^S) # 20 

4 0 0 t»±fflaSfflMaCJ: *J n + SG a A s 
10 1 ilMfS-r-SZliKCi'JMl 0 4tfilC/3-AuGa 

jwimrs *i& * - ^ v v »K©i£ji^st#*«K: 

It&fS&tf&k (CVD) ^t'O^ia^D-feXtCfcy^ 
>f^«tt©*fl:*«9ISaiS*l6. n* MGaA 

sl^l OliAuGe/N i iVR 1 0 2cf»©Auil© 
MJStCty /S-AuGa^^^tl-S^iUCiU, 

5 y **S©*Ig©B53fi*l*«fcfc, £ft#ffe©tWIIIStn: 
&fr3±T?IHIfii:fcoT^<5. 30 

[0 0 0 6] $e>(C, 07 BfC^-t^f-^ >y£"WS&. 
n (t IGa A sjfl 0 3 (DBMIt^ F E T ftifOT^W 

So "fft*3*N n* + SGaAsI10 3«iiW« 
[SI©a5*{CJ;oT&3:<5. 3<Z)fc«), Z.ffln^iGaAs 

fcvv, z:©^*, 5^^:*©l«tf4fBtt^»b©fc#)lc 

n**lG aAsil 0 3 ©i^JUfb'^tf'— ^ y 9 9Mffl&> 40 
WM<ofSm £ 06 3 4: 6 o 

[0 0 0 7] #£2;J3J:tf#JH3©:*--$y*Witt. 

±aw>#s i ©reawc j: ^ *j ?mM<Dmmz& 

^TAuGe/N iiVKl 0 2 fc^T^-SZlttCiS 

©sm^ & 3Jc#1" s fe » tests 3 n fc % © t* & & . 

[0 0 0 8] #^2©tf-i* y ?S^©f^lftftM£0 
8 fC^-t, ZlOTWCfc^T t±> 08 AlC^f <tolC. n* 

m 



+ lGaAsS«20 1±tC^-^<y!7^Ii:UtNi 

1 n&JK2 0 2 fi«kU t W*J«2 0 3 SrraKjgJfcLfcfc, 
9 0 OICSKOWfiT? 1 *Wa9a»«13lS:fT"5 31 £:fC J: 

8 BlCdS Wt. f§2041iInGaAs (<fc UiESStC 
liln x Gai-x As fc»fr*l*#£©J:-5lCl6I3"*-<& 
fefflttS. fiTFH^i. ) JB, 2 0 5ttNi3 Infl 
&33%-t. Mti&IICJ: »J SGaAsl 

S20UNiI nfg2 0 2 4>© I n 4:<DMJ£jWB£ 
Tffix*/l/:¥-Hfg©(t»|fflJBf UTInGaAs®20 

4««^a*i<5ii:K:j:y, x*;i/^-i¥ffi©ll$frWft 
>y 9 Mtc fcWiS-AuGaOiei ft {ggfi * <M b-&#> 

fc-g-Sftv^^ic^y, 400^ ioowgs©i 
#ya ic j: o t *> * - $ v 9 wmnwsti&fW'S&.'z & 

[0009] L^Lft^^s ;®a8 Btc^-r*- 5 V 

y feabC 9 0 01C®K© 

WilfflllM&JI&j&Si: JFET (tfe&tf-N 

FET) *HEMT (M^M b 9 #) ft£ 

©<fc?ft9 0 0°CJWT©«aMT^- h^T-V^l/SrJgfifc 

^§^A>r >uctefliv^z:£te-c*#ft^,, £©&«>, z: 

[0 0 10] ^SOtf-Sy^fcSCftSWfcflJ&B' 

9tc^-To z:©M(cfe^Tli, 09 A(C^f «fc-5(c, n 
■* SGaA slf3 0 l±lC;t-5»y^Mi:LTPd 
f»|R3 0 2fe*tfGe«PR3 0 3fe|R*^Lfc|ft» 3 

2 5~3 7 5°C, 3 O^fl&OJIM&JISrfriifcKlJ: 
y, 09 BlC^-TJ;e)lC^-5 >y ^*@S:^fiS;fS„ S 
9B(CfeV>T, ^3 0 4!in tt SGaAsI, 305 
liPdGe^K&^-To r©^iCt^ * 
fn + !GaAsIt3 0 1 <fc y G a A s ©TUftMtf 

IfflMSftfCG e iK3 0 3 ^ f> G e ^ 
ffittS'tCi'Jn^iGaAsla 0 

[0 0 11] ZL©H9 BfC^-f^--^ >V Sfifc 
Sltn + *SGaAsM3 0 4 ©iPS tt*- 5 y 
i:ltfflPdii3 02«Geil3 0 3©JP^$:^X. 
SifcfCiyWflll-Sifc^TfSSfcft. ZL©n ++ §!!G 
aAsI3 OA&BmitZm&ZttfT'&ZttSjlZ, 

6. L^Lft^e, ;©H9 BIC^-T^"-^ ^y^«1i 

[0 0 12] R±©4MH1, ^JB2feJ:af4MH3©*- 
5 y ^««©»4Wtfe3i 1 f-* ttoT^-Tc 
[0 0 13] 
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[0 0 14] 

G a A s &¥*H*K.M-t&*- y f «SttV^"T*lt)^ 
[0 0 15] S£oT, £©$8ll!©B»tt, GaAsM 

[0 0 16] Z(D?%W<Di&<DBmZ. GaAs|f|ft 
[0 0 17] 

[RH«:#8W<&fe«>©^a] ±IBa^$:M^1--Sfe«) 

«k y Hjam, fc, n T- : V«fb'&tt i NMfc3S# 
«fc *J %«*il*»««©»J&Rl I I-VIffc'&Wiftl 
Tlia»rn-v'»Efb-&« i f £ »*»±{c»iaa fife W 



m«i 1 I- vSHb£*>¥«Mt* fe tt£«IBHfc^ 

[0 0 18] m-V»Hfc-&«4 i »(iM«*Jcti, 
MiSGaAs, AlGaAs, InGaAsJSO^ 

e, Te. Snfc Z*ie>© 

is, mz.&-(*y&A. **axtr**s/- (lpe) , 

imnxifdiaps/- (MB E) , ;fr$S:&M^*@x^#3f 
J/- (MOVPE) fc4f©#ffi£J:»JIII-V«fl;-&4&¥ 

[0019] ffritsiii-vaHb^^WflEffictt, «*. 

KGaAs, A 1 G a A s , InGaAs4^^5 

»#-£**is. i©»ifi©#ji*--se(e»«K:fc^T, 

v\, 3©3§0j§©# : si&--iissjetfai&c;j3^T, ^© 



10 aSftfcltelM^tfSteU'T^S. £©ISJ&RIII-V8Kb 
•£4fe¥*ttJV £&JM$.t~ tt&MRHb^fe £ © r4© x * ;b 

4P-»fi©waidu iii-vj^b-&ft¥aMM£#fc&«* 

fcttA»ra'fb-&*i:©ra©x*;i/^-|»S©i(Sa t im- 
ft* * J: y %fl£v\, ^ ©Sj&bu 1 1- vBHb 
£&¥*&Jfl*. iii-v^b-ato^SKfraSflLh 

£&-g>7uiit> «*.«Ni, Co, Pd, PtftifCJ:^ 
20 £ IC J: »Jffi?jA-r5£ i©3ffcRIII- 

mb e wov PE4 i?©#i£jc <t y 1 1 1- vSHb-^fM 6 
aMfsjB&ittasxtrdf^s/ir^j**^*, £©iii-v»Kb 

^4 i #**±tciII-V»Hb-&*iP*«c2S#»c*f-bT F 

i— *my>)£&z>7im. mmni, co, pa, pt 

E.o>i5m\z.£. yj^iabfe«(c(iMaas«oTSfifc*%ia 
ia-esrttc^y^-tsitfeT?**. 

[0 0 2 0] 'iNWWffcli, ftl^GaAs, A 1 G a 
30 As, I nGaAs^JfCIII-VM^^tS 

sjf#-&**i*. i©aw©»ja«!— 3*aa»»K:ev> 

w-fb^»fc©ra©x*;i/d! f -wfi©iafatt, s^m- 
vffit&btmftmz&M* fei*A«iaifb#*i:©iai© 

x*;Mf-|M8©WSJ:y%>{6^. 3©^ttS 
fC«U K^-**64fei:LT«*.tfS i, Ge, Te, S 
nfctrcftMtf-^SftTVvtfcJ:^. £©4HI!MWItt, 
III-V^b£*¥##a#-fcfCN i, Co, P 
40 d, Ptfc£©«fc 3 U *© 
±Kix*;b^-«tfif©lKSS:fiTa*S7ClR, 

n^e>rt**K&Jtas!!»' , f»^^'5; **^®*tst J: y 

^j«LfclfeK:JIWiaS:ffoTSrt*III-vaKb-&*4 s * 
«sJS±tcS^SS-y:«) i i: tc J: y 3 £ £ 

s„ St, r©¥*S#S«, n«*iii-vj^b-&* i l £ » 

ttS_hfCM BE^MOVPEjSc £©£8ctC J: y gCjgx bT 

[0021] ^A2&»^Miafb-^4to^e>^«iinK». 

*9FaitC»«St«»t*^+^K:iS<, 8 0 0TCJ^± 

50 ©iftjftS:^*. i©AM*fctt^«ra-fb-&«»b*e>*s 
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NiGe, NiSi, WSi2 & E<Dr. : x3h<D-& 
i. Co, Pd. Ptfc£©J:3fcA«j&*&J*&t*K«: 

m & fr e> £ £ tc i y ¥3iWi±sc7£f&-r s z. t #t? * 

[0 0 2 2] &M*fett^HHfc#*^&J*SIIMt±tC 

1, Au, Au/Ti&^fertiSllHtt&^l/TtjJ: 

[0 0 2 3] iffl»WKlJ:S*-^ y^«S©^**i* 
tt, III-vaHfc-&«^*flt|S»J:*c, III-V8Hfc-&*»¥ 
iWC^fbt K^-^MWfcfcSSSlfflTHPW&l* 
**i©aM!k ^M*fettAJSHa-fb-&»fclll-v«Hfc-& 
4fe¥##fc©ra©x*;i/^-|*a©i«S £*£T£-££Sil 
2 ©Ttsltfr ifig-SH 2 ©#Jgfc <fc t>*H l © 5xM. £ ©Mf5 
K J: U ^MK-ft^^^-r 3 ©jfcjR**&fifcS« 3 
ffliWKS:)H»cm«-rsxgi:, fgl©»K, f 2©»i 

as-trwes ©auK««miaa*ifciii-vj»fb-&«4 s aM*tit 

[0 0 2 4] 3ZT\ m-v»Kb-&«4 s *#IS»K:tt, 
MAtfGaAs, A 1 G a A s I nG a A s 

fr&jfc&^*fc«Jl#-£**is. HWc, ni-vSHt; 

■Sty^mzte. WilfGaAs, AlGaAsixfeli 
InGaAsA^S. *fe, Zl©|g^©^ii^-|| 
J£ffi^CfcV>T, il©il, »2©lMII;l3J:tf#3© 
*M«te*ft-e*lN i*M£ I niIfij:OfGe»It«> 

So 3 fete iffl»w©#igft— lewswcfevxr, 

lfflfiS»4 0 0 — 8 0 O'CT'&So 
[0 0 2 5] 

[fiU§] ±M©«fe'5ic*fiRS*ifcr©»Wtcj:«*-$ 

So 

[0 0 2 6] ±ifi©J:-5fCflKRanfci©»H!KJ:** 
[0 0 2 7] 

[0 0 2 8] Z<D— SSJgWCfiHTtt, BlCa<t±d 
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{C, n + IGaAsISUC, Zl©n + SGaAsi 
^l±y»&RU£n ++ §J!#$;:RGaAsJg2, InG 
aAs!3SJ:W i G e &fl)(4 #JIB&aUB3*lfc*ii 

[0 0 2 9] H2(C£©— 2feK0S£«fc*a--S<5/*«ffi 
©x^;i/^ r -/1>Fm&^'to Bf2tft, e c £J;tfEv 

tt-fti-^tveasffwTSBwx^^^-fejttfffim^w© 

±S8©X*^/^-, Ef »7i^5l*;b*-ISt. 
BI2fre>t)fr&,!:3lC. n* + iS^GaAsS2i:N 

10 iGellBt4i:ffllBl:lnGaA8l3^«anTV^ 
S£fc(C«fcy» n tt »fiGaAsi2tNiGef 

R4 ^©iBiwx^^dif-BfliaiafattieftwicfiTi/T 
[0030] #ac, j^©j:3K:*j*3*ifc£©— las 

[0 0 3 1] *"f, 03 A(C^-TJ:e)lC, n + SGaA 
s|SiRl_hK:7* hl/^NSrlWIfbfclft, ZC07* h 

20 tt4I/^h/^->5«:|^tt4. 3®7*MJV 

T^T*)*VSo i©l/S?* WC*->5©JgJ&tt, 

«-?-$§{ 1/ h ta^-tf - A U y y 9 7 -f fcfli v * 

[0 0 3 2] #ac, 0 3 B(c^1-J:e>{C, M^.lix/N°>y 

* jsaasa* * EcDismz * y , Niii6, un 
■Tfe «fct5G e ours %mfcMm\zmmir&. r©»&, 
w\°#->5©jy£&, rne>©Nii»K6, i 

30 nfW*7£J:tfGef*R8©£ff©ffS«MJfci-#fC* 
£ < J: o (CStftlT V^&. 

[0 0 3 3] $IC. £©«fc-5lCUTN if!6, In» 
^7feJ;0 J Ge^8^^;$tlfen + SGaAslI 

i &«a.tfT-fe h >© * o te%mm#nzm-iT wt. y 

ft - y 5 z. mz <fc 'J , 

*->5±lCJ&jfcS4xfeNiiillH6, I n^P)g7i3J:t>- 
Ge^H8?:BS?*-r5o ZiniCJ:oT, 03 CloS-f <fc 
e>(C 1/^ hA°^-> 5©^PgPlCfeW-5n + iGa 
Asa&Rl±»C©*N i»JR6, Ingl7feJ:flfGe 
40 il8^^6„ 

[0 0 3 4] ?^}C, 3©NistM6, Infl7SJ:tf 
Ge^H8* , !^$tXfcn + iGaAsHU, ^J^. 
tf RTA (Rapid Thermal Annealing)^— jRW«s*» 

^as&ft^o i©*Maatcj:»j. Ei^-tctejtc, n 

+ SG a A s mffi. 1 «t »J G a A s JBtflfJiflW*"* % 
CrCGaAslCN i *<ffi«-rs 3 i:(C«fc y n ++ M 
^GaAsf2^MS^ Iffln^lS^g 
50 GaAsl2±CI ntGaAsfcfflSJSlCiU I nG 
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aAsI3!b«$tl„ $e>{C, 3fflInGaAsf3 
±}CN i £Ge £l<D%.J&IZ£>)N iGe|l4«3 

[0 0 3 5] &±<D£o\ZLX, M 1 JCjjVT;*-- 5 «y ? 

[0.0 3 6] ±i£©;*-^>y?«*i£7£j£-r£fc<fc©^ 
gtifl&RTA&tciyfT^, fffii:t©i®aiaS5:5 

0 0°C^e> 7 3 0°Cl£T*$Ez.t=.t. : g<D*- 5. v ?mM<Z) 

^fC^Tli, Niit||g|6, I nf!7 fcitfGefl 
8^m^tf-A^^tCj:y^b, ZLtl£>©N iff©? 
6, I nmm7&£&Gemm80>m2te : £ft J ?t\6 0 
nm, 3 n m;}3J;tn 0 0 nm^lfe. &£, 

8 &^jg§?a^-^«tC J: U 1/ fc«JR, Inil7 
[0 0 3 7] m4^e3^5)^i:e>tC, ijSffl?:7 0 0 

•c tMft©asiif fr e> i £ k <k y , &#&g$$!igfit## e> 
y«isan!fet-5y ^wisrjaiflswjwiwsK <t y 

1 Ge^j&#g±®(CJ6Jj&£*l, 3©NiGe|Itn 
♦♦SPlJ&RG a A s Wfcaracffixfc/i/^-RJSSr^-r 
S I nG a A s Jf#^J«3ftT^6£fc;^*3*l.fc. 

n^SSiSGaAsItlnGaAsfi:^ 
ffiifi£llC£tt-& n**lg^G a A s JffC «:#<©## 

i^stife^ itv&cfittfiatitsisanfcN i g a 

As^^P)GaAsMfeJ:t>*I nGaAsIjWKJfil 
[0 0 3 8] 0 51*, ±j*©— gaSWCfcV^TRTASs 

tcfcy 7 o o'CT-mMmzirtziUz&VJr-s.ytm 

MZm®,Lfr&.. «H-S:4 0 OiCt^lLtilf©* 
- 5 -y^SioMM©l^fc> 3 v 
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(57) Abstract: 

PURPOSE: To provide an ohmic electrode having such 
characteristics that can practically satisfy GaAs 
semiconductors, etc. 

CONSTITUTION: The ohmic electrode is formed by 
successively forming a regrown n ++ -type GaAs layer 2 

which is regrown from an n + -type GaAs substrate 1 , In GaAs 
layer 3, and NiGe thin film 4 on the substrate 1. The ohmic 
electrode can be also formed by successively forming an Ni 
thin film, In thin film, and Ge thin film on the substrate 1 and, 
after patterning the thin films to the shape of the ohmic 
electrode, heat-treating the thin films at 400-800°C for 
several seconds to several minutes. 
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